Abstract. The present paper describes the development of an online monitoring and WiFi data acquisition system using free software applied to microgeneration based on thermoelectric modules. Monitoring and data acquisition systems are applicable in various stages of the microgeneration process, e.g., in the energy resource evaluation, generation failures prognosis, practical verification of project data and efficiency of generation. The online monitoring and data acquisition system was developed using a WiFi modem coupled to a microcontrolled board based on free software. This monitoring system was applied to thermoelectric modules and was also developed a wireless communication with the online server which sends microgeneration values to the data bank. The free software for online monitoring and WiFi data acquisition allows the analysis of stored data and charts through mobile devices as notebooks, tablets and smartphones. Moreover, the system can also be expanded to record values from analogical or digital sensors used in plants based on other renewable energy sources.
Introduction
The thermoelectric microgeneration effect is an electric current flow when one junction of two dissimilar metals, joined at two places, was heated while the other junction was kept at a lower temperature [1] . Thermoelectric energy production is one of the main processes of converting thermal energy directly into electrical energy, and ensure a long reliable operation without maintenance due to the nonexistence of moving parts [2] - [7] .
Thermoelectric modules (TEG), shown in Figure 1 , can be formed by P and N type semiconductors which are connected in series electrically and parallel thermally among two ceramic layers. A TEG is made by heating one side and cooling the other side of the thermoelectric module and connecting a load to the module end points. As an environment-friendly energy source, thermoelectric power generation has attracted considerable interest due to its small size, zero carbon emission, absence of moving parts, low acoustic noise, high reliability and environmental energy production. Thermoelectric power generators are also a good choice to produce electric power by recycling waste thermal energy [8] .
The TEG equipment used consists of four TEHP1-1264-0.8 thermoelectric modules connected in series, as illustrated in Figure 1 , in order to obtain output voltage of 5 V. The hot side of the module was attached to a metal base to support temperatures up to 250ºC. This base was then placed on the surface of the heat source by resistors. The modules are approximately 4 cm x 4 cm. A typical multi couple thermoelectric power module is illustrated schematically in Figure 2 which depicts p-type and n-type semiconductor thermoelements connected in series by highly metal interconnects strips to form a thermocouple [9] .
Electrons on the hot side material are more energized than on the cold side. These electrons will flow from the hot to the cold side by connecting the both sides with a conductor wire. These electrons produce the electrical current. Connecting many thermocouples in series is possible to increase the output voltage and the output power. The thermoelectric generators are also used by North American Space Agency (NASA) to supply electric energy to the Curiosity robot on Mars, through the heat liberated in radioisotope nuclear decay reactions [10] , and as a source of renewable electric cogeneration through the heat supplied by incinerated municipal solid waste, automobile engines or industrial machinery [11] .
Thermoelectric systems can be also designed either for using a big amount of energy (geothermal energy [12] for example) or for working with small heat sources, used in automotive or home applications for waste heat recovery. Thermoelectric modules have even been miniaturized to harvest body heat for powering a wristwatch [13] . Such small generators could be mass produced for home cogeneration of heat and electricity or used in automotive waste heat recovery. As shown in Figure 3 , in a typical energy flow path of the internal combustion engine vehicle, only about 25% of the fuel combustion energy is utilized to propel the vehicles, whereas about 40% is wasted in the form of waste heat of exhaust gas [14] . It means that the fuel economy of internal combustion can be increased by up to 20% simply by capturing the waste heat of exhaust gas and converting about 10% of it to electricity with thermoelectric modules [15] . In this context, the present paper describes an online monitoring and WiFi data transmission embedded system for measurement of TEG modules efficiency.
WiFi Acquisition System
This section describes the developed data acquisition embedded system with WiFi connection, shown in Figure  4 . This modulated hardware consists of a microcontrolled board, called as SanUSB, connected to an WiFi RN-XV modem via an adapter board that was developed for this application in order to adjust the pin connections, as well as to convert the voltage from 5 V to 3.3 V. According to [16] , a WiFi based platform was developed to collect also, data from human motion sensors and send over wireless connection to a mobile device in order to control interactive systems, i.e., musical applications. Moreover, other example is a bioimpedance device for sarcopenia evaluation, i.e. age related muscle mass loss, based on WiFi protocol for the device remote control and allowing full integration to the Internet was described in [17] . A wireless system using RF signal to power a temperature sensor for on-body temperature monitoring is shown in [18] .
There are also other studies on remote wireless sensing, such as those developed by [19] and [20] . Wireless sensor nodes inside buildings are used to read out sensor data and to control actuators by a reference value in [21] . The nodes need to operate for a long time with a single battery. When using a standard WiFi connection, the node battery would be depleted after a few hours due to idle currents in receive state. The use of sensor nodes with included wakeup receivers can prolong the lifetime of the sensor network to several years, because the sensor measure data and send information only when a command is received from the Internet.
The developed data acquisition embedded system, based in a microcontroller USB programmable tool and using open source software, is patented by National Institute of Industrial Property (INPI) with register number 088503 and executable in multiplatform like Linux, Mac OSX and Windows® with files available in SanUSB group [22] . Developed equipment for specific applications tend to be cheaper, have better cost benefit relation and make possible an easy understanding and operation. The mentioned open source software is based on contributions of Internet developers throughout the world. This software offers a better performance, encourages creativity, allows dedicated applications and stimulates finding and correcting code errors faster than private software [23] . It is important to emphasize that USB ports are used as power source by the tool microcontroller only in the code development phase.
In this context, the WiFi data transmission system for measurement of TEG modules efficiency consists in a hot side AC power controller (1), hot side thermocouple temperature sensor (2), data acquisition board (3) and WiFi modem (4) shown on Figure 5 . If more than one WiFi modem or computational device is connected on the Internet in a home network using a broadband router or a gateway, most of the time only this router will contain an Internet IP address and each device in the internal net utilizes an IP local address given by the router. The intranet IP local address is usually created dynamically via a service called Dynamic Host Configuration Protocol (DHCP) of the gateway, or defined in a static way by the user, according to the network. In the proposed case, the gateway is 192.168.1.1. Therefore, a fixed static IP address was defined for the WiFi embedded modem, i.e., 192.168. 1.195 . The proposed embedded system can be, with this firmware, server (e.g., switching a load through the instruction "192.168.1.195/YT" in address bar) or also client (e.g., a sensor value is posted to an online databank server).
TEG microgeneration monitoring
In this case, information that is sent to the online data bank is configured with remote access over WiFi without charging, different from the applications that use General Packet Radio Service (GPRS) protocol. In this context, the development, programming and application of a WEB monitoring system and wireless data acquisition using open source software are described. The online data bank can be queried by any computational device connected to the Internet by using a personal password. The query can be made at any time, updated every minute. Figure 6 shows the online monitoring development in two stages:
1) Sensing, conditioning and data transmission;
2) Data bank uploading from an online server and presentation to the user. The first stage establishes communication between the sensors connected to the data acquisition board. The second stage, i.e., the user presentation layer, was developed in PHP with MySQL database. In this way, a free option for online monitoring applied to renewable energy sources is introduced. The first stage of sensing, conditioning, and wireless acquisition reads the data from the sensors every minute and saves the information in an internal Electrically-Erasable Programmable Read-Only Memory (EEPROM). Every ten minutes, the average value of the sensor measurement is calculated and sent to the stage two. It is important to mention that the actuators may be also connected to the board, allowing WiFi load control through the server. In the server, a communication interface to the acquisition system and another one working in parallel to the user communication were developed. The whole system is illustrated in Figure 7 . The first interface is responsible for data receiving, to store them in the persistent database and to send a confirmation to the board. The user interface delivers a friendly front-end that allows data visualization in the form of list or chart. The embedded firmware was programmed using a digital filter to identify and exclude abnormal values that differ by more than 100% of the maximum and minimum values of the variable reference measured every minute.
The Web Monitor is an application developed on online server with the PHP programming language, in conjunction with a structured database in Database Management System (DBMS), in order to serve as visualization of monitoring data (signals sensors) from renewable energy sources and to send them via a wireless communication (WiFi). To access the monitoring system, it is necessary to enter the website link in PHP; after that, the system main authentication page appears, containing an authentication form (username and password). In this way, only pre-registered users can access the system. After entering the data access in the authentication step, the user is redirected to the system home page.
Through the WEB monitor, the user can query the stored data in the online database via smartphones or PC whereas the Ethernet standard is the solution currently used in private systems to promote network interconnectivity; the cost of monitoring systems for microgeneration in wireless network with open source software tends to be dwindling. The minimum sampling time for the online server viewing is approximately three seconds after sending data by WiFi modem, which is considered a limitation in real-time systems.
At the submenu Monitoramento (monitoring), there are two submenus: Gráfico (chart) and Logs, as shown in Figure 8 . By clicking the submenu Gráfico a chart of the sensor values stored in the database is generated. To generate the charts, a library called Highcharts, written in Java Script, was used. The chart automatically restarts every 30 seconds. To display the sensors values involved in the chosen application in a specific day, it is necessary to inform or to select a valid date and then click the magnifying glass icon. Shortly after, the chart will be updated showing for each point a representative value averaged over the sensor values every 10 minutes. In order to view the corresponding logs to the current values displayed in the chart, it is necessary to click the logs button. The system also provides the option to print or export (PNG, JPEG, PDF, and SVG) the entire structure of the chart view. To access the system remotely via a computational device, the static IP defined in the code must be entered, as mentioned, e. g. 192.168.1.195, followed by a slash and the commands programmed in the microcontrolled circuit (192.168.1.195/YT), as shown in Figure 9 , along with the confirmation screen of thermoelectric microgenerator data measuring by the online server. Fig. 9 . Confirmation response of received data by the online server.
By accessing the "Logs" link, the user can monitor realtime information sent by the system every 10 seconds via WiFi. Generate graphics on the same page in which data are stored, is also possible, as shown in Figure 10 . 
Results
The temperature control system developed was graduated to a temperature reference of 200ºC. In one analysis, this value was reached in approximately 16 minutes as can be seen in Figure 11 . The cold temperature was maintained at 40ºC, then the temperature difference was 160ºC. The temperature values were compared with the infrared temperature sensor VA6510 [26] . 
Conclusion
New The online database can be queried by any computing device connected to the Internet via password. Queries can be made at any time by updating the database every 10 minutes, which is usually the maximal time step for data acquisition systems of renewable energy plants.
The WEB monitoring and designed data acquisition system of the microgeneration plant was efficient because of the online query possibility and real-time operation of the electrical microgeneration plant, showing a behavior according to the project. The use of tools based on open source software for online monitoring applied to microgeneration systems allows greater accessibility to general users.
The proposed online monitoring and data acquisition model can be expanded to record data from other systems with analog or digital sensors, as well as other types of data from microgeneration plants using renewable energy sources.
